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Since Myrtaceae is considered a complex family concerning the taxonomic classification due to the elevated
number of components, difficult morphologic differentiation, and relatively low amount of studies in area, this
article describes the potentiality of classification using chemometrics applied to UPLC-qToF/MS-MS dataset for
chemotaxonomy investigation of leaves of fifteen species from the genus Psidium, Plinia, Myrciaria, and Eugenia
into the Myrtaceae family. The use of a multivariate tool was indispensable to detect marker compounds since an
elevated number of information on chromatograms did not provide conclusive data. The results offered an
adequate classification among genus and species, principally based on ellagic acid, catechin, epicatechin, iso-
quercitrin, quercitrin, reynoutrin, madecassic acid, asiatic acid, and morin, used as marker compounds.
Therefore, the method was useful and permitted the satisfactory chemotaxonomic distinction among the genus.
1. Introduction
Myrtaceae in a modern-day distribution is one of the most important
family of plants from angiosperms, comprising around 142 genera and
5500 species (Kubitzki et al., 1990). Individuals from this family pre-
dominantly occur in Southern Hemisphere and contain healthy bene-
ficial plants as cloves, eucalyptus, and cinnamon. Psidium, Myrciaria,
Eugenia, Syzygium, and Acca are the most studied genus into Myrtaceae
due to the presence of bioactive compounds attributed to many ad-
vantageous functions. For instance, some fruits from this family are
commercially significant, as guava from Psidium guajava L. or pitanga
from Eugenia uniflora L., which are consumed as sweets, jellies or ice
creams. Additionally, some plants constituents present ecological re-
levance since their fruits are a nutritional source for local fauna (Pizo,
2002). The organic composition of some genus into the Myrtaceae fa-
mily comprises manly phenolic compounds and polyphenols, like fla-
vonoids, phenolic acids, tannins, stilbenes, lignans, coumarins, and
tocopherols, functional lipids, and carotenoids (Duarte and Paull,
2015).
The genus Psidium is represented by approximately 120–150 species
found throughout the tropics and subtropical regions of America and
Australia. Most of the studies have particular focus on components of
fruit flavor, antioxidant activities, and medicinal potential of the leaves
(Díaz-de-Cerio et al., 2016; Feng et al., 2015; Flores et al., 2015; Laily
et al., 2015; Medina and Herrero, 2016). The genus Myrciaria presents
fruits usually in the form of berries, and the species M. dubia (Kunth)
McVaugh and M. vexator McVaugh have received particular attention
given the high content of antioxidants, including vitamin C and poly-
phenols (Fracassetti et al., 2013). The genus Eugenia is remarkable by
the high constituents number and morphological homogeneity, con-
taining species with edible fruits cultivated in tropical and subtropical
regions, such as grumixama (from E. brasiliensis Lam.), cereja-do-rio-
grande (E. involucrata DC.), uvaia (E. pyriformis Cambess.); araçá-boi (E.
stipitata McVaugh); pitanga (E. uniflora L.). For instance, extracts from
pitanga leaves are widely used in folk medicine to treat intestinal dis-
orders, as well as antihypertensive. Pharmacological studies of parts of
plants into this genus (leaves and fruits) present antiparasitic, anti-
rheumatic, anti-inflammatory activities (Rodrigues et al., 2013), and
anti-cinetoplast (da Cunha et al., 2016). Lastly, the genus Plinia, in
particular, the species P. edulis (Vell.) Sobral, presents high relevance,
with relevant consideration to beneficial health and used in Brazilian
folk medicine to treat inflammatory conditions, diarrhea, bronchitis,
diabetes, as well as tonic, antipyretic, and diuretic (Carvalho et al.,
2012; Donato and Morretes, 2013). Studies have shown that leaves
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extract present importance to anti-ulcer activity by the presence of
flavonoids and triterpenoids, without acute toxicity (Azevedo et al.,
2016; Ishikawa et al., 2008, 2014). Therefore, several bioactive com-
pounds with biological and pharmacological properties have been
identified in leaves of Myrtaceae family, presenting medicinally im-
portance many of the phytoconstituents (Ademiluyi et al., 2016; Batista
et al., 2017; da Cunha et al., 2016; Díaz-de-Cerio et al., 2016; Feng
et al., 2015; Laily et al., 2015).
Since Myrtaceae is considered a complex family concerning the
taxonomic classification due to the elevated number of components,
difficult morphologic differentiation, and relative low amount of stu-
dies in area, the aim of this study was to develop a chemotaxonomy
investigation of four genus belonging to Myrtaceae family (Psidium,
Plinia, Myrciaria, and Eugenia) using UPLC-qToF/MS-MS (Ultra
Performance Liquid Chromatography - High Resolution Mass
Spectrometry) system coupled to chemometric analysis.
2. Material and methods
2.1. Materials and sampling
Ultrapure water was obtained from a Milli-Q water purification
system (Millipore, Bedford, MA, USA). Formic acid, acetonitrile, and
ethanol solvents were LC-MS grade (Merck, Darmstadt, Germany).
PTFE syringe filters (0.22 μm) were purchased from Millipore. The
standards were purchased from Sigma-Aldrich (Saint Louis, EUA) and
Extrasynthese (Genay, France).
Leaves from fifteen different species of plants into the Myrtaceae
family were sampled considering biological replicates (10 trees, col-
lected on December 2013), which were divided in four genus: seven
species belonging for the genus Eugenia; four from Psidium; and genus
Plinia and Myrciaria with two species each. The samples were collected
in public and private institutions and adapted to Florida (USA):
Fairchild Tropical Botanic Garden (FTBG), Fruit & Spice Park (FSP),
The Kampong of the National Tropical Botanical Garden (KNTBG), and
Tropical Research and Education Center (TREC).
The following species were collected: Plinia edulis (Vell.) Sobral
(from FSP, planted 2003) and Plinia cauliflora (Mart.) Kausel (from
TREC, planted 2003); Psidium acutangulum DC. (from FSP, planted
2006), Psidium cattleianum Afzel. ex Sabine (from TREC, planted 2006),
Psidium friedrichsthalianum (O.Berg) Nied. (from TREC, planted 1975),
and Psidium guajava L. (from FTBG, planted 1998); Myrciaria floribunda
(H.West ex Willd.) O.Berg (from TREC, planted 1975) and Myrciaria
glomerata O.Berg (from TREC, planted 2003); and Eugenia uniflora L.
(from TREC, planted 2007), Eugenia involucrata DC. (from TREC,
planted 2007), Eugenia brasiliensis Lam. (from TREC, planted 2007),
Eugenia luschnathiana (O.Berg) Klotzsch ex B.D.Jacks. (from TREC,
planted 2007), Eugenia pyriformis Cambess. (from KNTBG, planted
2007), Eugenia stiptata McVaugh (from FSP, planted 2003), Eugenia
victoriana Cuatrec. (from FSP, planted 2008).
The leaves (1 Kg) were collected at random, both from the part most
exposed to light and inside the plant. The samples were dried at 45 °C
and then ground in a mill with a 1 mm sieve, vacuum packed and stored
at −80 °C.
2.2. Extract preparation
The method used was based on a liquid-liquid partition as pre-
viously described (dos Reis Luz et al., 2018). The dried leaves were
added to liquid nitrogen in a mortar and grinded. A sample of 50 mg
was extracted using 4 mL of hexane by homogenizing using a vortex for
1 min followed by transfer to an ultrasonic bath for 20 min (fixed power
of 135 W). Then, the slurry was further partitioned using 4 mL ethanol/
water (70:30) and the same procedure described above was performed.
The tubes were centrifuged for 10 min at 1008×g. Finally, a 1 mL
aliquot of the hydroethanolic extract (lower phase) was withdrawn and
filtered (0.20 μm, PTFE). The filtrate was collected in vials and stored at
−80 °C until subsequent analysis. Five biological replicates were per-
formed for each sample.
2.3. Chromatographic analysis by UPLC-qToF/MS-MS
The analyses were accomplished on Acquity UPLC (Waters, USA)
coupled to a Xevo Quadrupole and Time-of-Flight mass spectrometer
(Q-TOF, Waters). The chromatographic analysis was performed on
Waters Acquity BEH UPLC, column (150 mm× 2.1 mm I.D., × 1.7 μm)
at 40 °C. The mobile phase consisted of water with 0.1% formic acid (A)
and acetonitrile with 0.1% of formic acid (B), elution at 2–95% B
(0–15 min), 100% B (15.1–17.0 min), and equilibration with 2% B
(17.1–19.1 min) at flow rate of 0.4 mL min−1. The injection volume
was 5.0 μL. The ionization was performed with an electrospray ioni-
zation source (negative mode ESI), acquired in the range of
110–1180 Da, with temperature source of 120 °C, desolvation tem-
perature of 350 °C, desolvation gas flow rate of 500 L h−1, extraction
cone of 0.5 V, and capillary voltage of 2.6 kV. In the low scan, the cone
voltage was 35 V with a collision energy of 5 eV (trap). In the high scan,
the cone voltage was 35 V, and the collision energy ramp was 20–40 eV
(trap). Leucine enkephalin was used as lock mass. The mode of acqui-
sition was MSE (Freitas et al., 2018). The instrument was controlled by
MassLynx 4.1 software (Waters Corporation). Three biological re-
plicates were injected in quintuplicate.
2.4. Chemometric analysis for classification modeling
The Partial Least Squares - Discriminant Analysis (PLS-DA) was
developed through the UPLC-qToF/MS-MS dataset to evaluate the
chemotaxonomic classification of 15 species based on four different
genus (Eugenia, Psidium, Plinia, and Myrciaria) into the Myrtaceae fa-
mily highlighting the respective organic composition. The input data
consisted in the chromatographic region between 0.8 and 13.5 min. A
numerical matrix with dimensionality of 127,170 data points was built
using 90 chromatograms × 1413 variables into each chromatogram.
For the matrix construction, the chromatograms data were converted to
American Standard Code for Information Interchange (ASCII) files and
exported for PLS-DA evaluation using the software PLS Toolbox
package (version 8.6.1 – Eigenvector Research Inc., Wenatchee, USA)
under the Matlab™. Before the application of the supervised classifica-
tion algorithm by Simplified PLS (SIMPLS), the signals alignments were
developed by COW (Correlation Optimized Warping) under slack of 5
(maximum shift) and segment length of 50. Furthermore, the modeling
by PLS-DA was performed after baseline correction (automatic
weighted least squares, order 2) and normalization (by area) applied
over the variables (chromatograms). The mean-centering over the
samples was applied since this pretreatment highlighted differences
among samples and avoids negative interference of noises in the data
distribution (Freitas et al., 2018; Wold et al., 2001).
2.5. Evaluation of the peaks contribution by analysis of variance
All single peak detected as precisely as possible in both m/z and
retention time was used for determining the peaks area correctly for
successful determinates the absolute contribution of the no-overlapped
compounds in the chromatograms. The absolute contribution peaks
areas were calculated based on total ion abundance from the peaks in
the samples, since the relative amplitude of the peaks measured pro-
vided the relative abundance of the isotopic forms in the chromato-
grams.
The combined uncertainty of the absolute contribution of the signals
area was estimated based on analytical errors and standard deviations
from three biological replicates injected in quintuplicate. The results
were evaluated using the analysis of variance ANOVA single factor
(significance level of 0.05, means comparison using Tukey test, and
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Levene to test the homogeneity of variance) to statistically certify the
differences in the concentrations (Sucupira et al., 2017).
3. Results and discussion
According to the botanical and phylogenetic classification, 15 dif-
ferent species into four genus Psidium, Plinia, Myrciaria, and Eugenia
belonging to the Myrtaceae family were evaluated, as follow: Plinia
edulis and Plinia cauliflora; Psidium acutangulum, Psidium cattleianum,
Psidium friedrichsthalianum, and Psidium guajava; Myrciaria floribunda
and Myrciaria glomerata; and Eugenia uniflora, Eugenia involucrata,
Eugenia brasiliensis, Eugenia luschnathiana, Eugenia pyriformis, Eugenia
stiptata, Eugenia victoriana. Within the Myrtaceae family, the genus
Plinia, Myrciaria, and Eugenia belong to Eugeniinae subtribe; and the
Psidium genus belongs to Myrtiinae subtribe. Consequently, two organic
composition similarities of the leaves are expected according to the
subtribes, and four similarities based on genus depending on the simi-
larity index.
Therefore, the organic composition variability of the leaves from the
aforementioned species belonging to Myrtaceae family was evaluated
by UPLC-qToF/MS-MS. It was possible to tentatively identify 68 organic
compounds in all the species. Table 1 presents a list of compounds
tentatively identified in leaves extract from different species into the
Myrtaceae, numbered according to their elution order associated with
their respective retention time (tR), molecular formula, accurate
masses, (mass error in ppm), fragment ions and the bibliographic re-
ferences surveyed. The mass spectra of individuals compounds, in ne-
gative mode, resulted in 68 compounds tentatively identified.
All extracts were constituted by polyphenols including gallic acid
derivatives, flavonoids, chalcones and triterpenes. Table 1 clearly
shows the difficulty of locating certain specific groups such as sugar
arabinoses, glucose and galactose that were named as pentoses and
hexoses. The fragmentation patter shows loss of 162 Da for hexoses and
132 Da for pentoses and were identified as O-hexoside/pentosides.
Some others product ion observed were those specific for myricetin (m/
z 317.02 and 316.02), quercetin (m/z 301.03), catechin (m/z 289.07) or
ellagic acid derivatives (m/z 300.99). These structures have a specific
nature fragmentation and the intensity of certain product ions, in many
cases, are not intense, although identified as key fragments observed in
MS/MS mode, resulting in extensive survey in literature data for each
compound. Catechin dimers, trimers (procyanidins) showed specific
fragments such as Heterocyclic ring fission (HRF), retro-Diels-Alder
(RDA) given catechin aglycone. In the nomenclature, due to the absence
of a specific determination of the location of some groups by mass
spectrometry in the aglycone, the localization of in molecule was not
placed. Complementary, Table 2 summarizes the presence or absence of
each compound into each Myrtaceae species.
The chromatographic analysis between the retention times 0.8 and
13.5 min resulted in an elevated number of identified compounds from
the biological replicates of 15 different species into the Myrtaceae fa-
mily, with the resultant dataset dimensionality of 127,170 points (90
chromatograms × 1413 variables into each chromatogram). Therefore,
considering the chemotaxonomic challenger (phytochemistry coupled
to taxonomy) to classify leaves from the Myrtaceae family based on the
respective composition, the supervised classification method by Partial
Least Squares - Discriminant Analysis (PLS-DA) was applied to in-
vestigate the clustering capacity of the species based on its genus and
organic composition. Some advantages of this supervised chemometric
analysis were to highlight the relationship among the compounds (even
partially overlapped) and the dispensability to develop calibration
curves for each compound (Wold et al., 2001).
Fig. 1a illustrates a 3D scores plot representing 56.07% of the total
variance considering 3 Latent Variables (LV1 × LV2 × LV3), and
Fig. 1b presents the respective loadings plotted in lines form describing
the main composition variability (marker compounds) for the classifi-
cation based on the Myrtaceae genus. The number of LV was chosenTa
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Table 2
Presence ( × ) or absence (−) of each compound in the extracts from Myrtaceae leaves: P. cauliflora (Mart.) Kausel (Pc), P. edulis (Vell.) Sobral (Pe), P. acutangulum
DC. (Pa), P. cattleianum Afzel. ex Sabine (Pc), P. friedrichsthalianum (O.Berg) Nied. (Pf), P. guajava L. (Pg), M. floribunda (H.West ex Willd.) O.Berg (Mc), M. glomerata
O.Berg (Mg), E. brasiliensis Lam. (Eb), Eugenia involucrata DC. (Ei), Eugenia luschnathiana (O.Berg) Klotzsch ex B.D.Jacks. (El), E. pyriformis Cambess. (Ep), E. stipata
McVaugh (Es), E. uniflora L. (Eu), E. victoriana Cuatrec. (Ev).
Peak RT (min) Compound Pe Pc Pa Pc Pf Pg Mf Mg Eb Ei El Ep Es Eu Ev
1 0.90 Quinic acid - × - × × × × × × × × × × × ×
2 0.95 Malic acida × × × × × × × × × × × × × × ×
3 1.00 Citric acida × × × × × × × × × × × × × - ×
4 1.09 Grandinin/Roburin
E isomer
× × × × × × × × × - × - - - -
5 1.79 Gallic acida × × × × × × × × × × × × × × ×
6 1.89 Vescalagin/Castalagin isomer × × × × × × × × × - × - - - ×
7 1.93 Grandinin/Roburin E isomer × × × - × × × × - × - - - -
8 2.16 Vescalagin/Castalagin isomer × × × × × × × × - × × - - - -
9 2.34 (Epi)gallocatechin × × × × × × × - × - × × × × -
10 2.47 Vescalagin/Castalagin isomer × × × × × × × × × × × × - × -
11 2.62 3-caffeoylquinic acid - - - - × - - × - × × - - × -
12 2.81 Procyanidin B dimer × × × × × × × × × × × × × - -
13 2.91 Prodelphinidin
B3–O-gallate isomer
- - - - × - - - - - - × × - ×
14 3.00 Strictinin × × - × × × × × - - × × - × ×
15 3.03 Procyanidin B tetramer × - - × × × - - - × × - - - -
16 3.09 Chlorogenic acida × - × × × × - × × × × - - × ×
17 3.13 Catechina × × × × × × × × × × × × - × ×
18 3.17 Casuarinin isomer × × × × × × × × × - × × - × ×
19 3.33 Procyanidin B dimera × × × × × × × × × × × × × - ×
20 3.34 (Epi)gallocatechin-O-gallate-(epi)gallocatechin-O-gallate - - - - - - - - - - - × × - -
21 3.44 Procyanidin B dimer × × × × × × - - - × × × × - ×
22 3.46 Ellagic acid-O- hexoside × × × × - × - × - - × - - × ×
23 3.56 Galloylated procyanidin B × × - × - × × - × - × × × - ×
24 3.62 Epigallocatechin-O-gallatea × × - - - - - - × - - × × - ×
25 3.65 Procyanidin B trimer × × × × × × × - × × × - - - ×
26 3.68 Myricetin-O-(O-galloyl) hexoside × × × - - - × - × - - - × × -
27 3.81 (Epi)gallocatechin-O-gallate–(epi)catechin-O-gallate isomer - - - - × - - - × - - × × × -
28 3.87 Ellagic acid-O-pentoside × × × × - × - - - - × × - × -
29 3.91 Myricetin-O-hexoside × × - - × × × - × - × × × × -
30 4.08 Myricetin-O-(O-galloyl) rhamnoside × × × × - × × × × - × - × × -
31 4.20 Ellagic acida × × × × × × × × × × × × × × ×
32 4.25 Myricetin-O-arabinoside × × - - × × × - × - - × × × ×
33 4.29 Myricetin-O-rhamnoside × × - × × × × × × × × × × × ×
34 4.55 Astilbina - - × - × - - - - - - - - - -
35 4.63 Quercetin-O-arabinoside × × × × × × - × × × × × × × -
36 4.82 Quercitrina × × × × × × × × - × × × × × ×
37 4.91 Methylellagic acid × × × - × - × × × - - × - × -
38 5.04 Myrciaphenone B - - - - - × - - - - - - - - -
39 5.09 Myricetin-O-(O-galloyl)rhamnoside × × - - - - × - - - × × - × -
40 5.11 Quercetin-O-(O-galloyl)pentoside × × × × - × - × × - - × - × -
41 5.20 unknown - - - - × × - - × - - - - - -
42 5.24 Quercetin-O-(O-galloyl)pentoside × × × - - - - × × - - - - - -
43 5.27 Kaempferol-O-rhamnoside - - × × × × × × - × - - × × ×
44 5.34 unknown × - × × - × × - - - - - - - ×
45 5.43 unknown - - × - × - - - - - - - - - -
46 5.58 Guavinoside A isomer - - - - - × - - × - - - - - -
47 5.93 Guavinoside B isomer - - - - - × - × - - - - - -
48 6.11 Quercetina - - × × - × - × - × × - × - -
49 6.50 unknown - - × - × - - - × - - - - - -
50 6.58 unknown × × × - - × × × × - × × × × -
51 7.61 Arjunolic acid or Asiatic acid isomer - × - × - - × - - × - - - × -
52 8.00 2α,3β,6β,23-tetrahydroxyurs-12-en-28,20β-lide × - - × - × × × - - - × - - ×
53 8.25 unknown - - - × - × - - - - - - - - -
54 9.39 unknown - - - - - - × × - - - - - - -
55 9.48 Arjunolic acid × × × × - × × - × × × × × × ×
56 9.86 Asiatic acid isomer - × × × - × × - × × × × - × ×
57 10.22 unknown - - - - - - - - × - - - - - -
58 10.57 unknown × - - × - × - - - - - - - - -
59 10.62 unknown - - - - - - × - - - - - - - -
60 10.83 3′-formyl-2′,4′,6′-trihydroxydihydrochalcone isomer - × × × - × - × - × × × × × ×
61 10.91 unknown - × - × × - - × - - - × - × -
62 11.02 unknown × × × - × × - - - × - × × × -
63 11.20 unknown - - - - - × - - - - - × - × -
64 12.26 Psidial B and C isomer - - - - - × - - - - - - - - -
65 12.56 Psidial B and C isomer - - - - - × - - - - - - - - -
66 13.07 unknown - × × - × × × × - × × × - × -
67 13.10 Psidial B and C isomer - - - - - × - - - - - - - - -
68 13.25 Psidial B and C isomer - - - - - × - - - - - - - - -
a Identification confirmed by the injection of the respective standard compound.
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Fig. 1. a) 3D scores LV1 × LV2 × LV3 plotted with
the respective projections on the LV1 × LV2 and
LV2 × LV3 planes; b) loadings plotted in lines form
(in same intensities), where the numbers represent
the compounds described in Tables 1 and 2, as
follow: 1 – quinic acid; 4 – grandinin/roburin E
isomer; 14 – strictinin; 23 – galloylated procyanidin
B; 31 – ellagic acid; 32 – myricetin-O-arabinoside; 33
– myricetin-O-rhamnoside; 35 – quercetin-O-arabi-
noside; 36 – quercitrin; 52 – 2α,3β,6β,23-tetra-
hydroxyurs-12-en-28,20β-olide; 54 – unknown com-
pound with molecular formula C29H45O5; 62 –
unknown compound with molecular formula
C32H57O12; 65 – psidial B and C isomer; 67 – psidial B
and C isomer; 68 – psidial B and C isomer.
Fig. 2. a) Variance captured according to the number of LV; b) Influence plot of Hotelling T2 × Q residuals according to each genus and species from the Myrtaceae
family.
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according to the line slope of the captured variance, which is illustrated
in Fig. 2a. Outliers and the influence of each species on modeling were
determined by visual inspection of Q residuals × Hotelling's T2, which
mostly showed the absence of biasing samples negatively influencing
the modeling (Ballabio, 2015; Garcia et al., 2014).
In general, the LV1 axis presented clustering tendency according to
the Myrtaceae subtribe, as the species from Psidium species at negative
scores belongs to Myrtiinae subtribe, and the others species from the
genus Plinia, Eugenia, and Myrciaria at positive scores belongs to
Eugeniinae subtribe. The PC2 axis mainly presented the separation be-
tween the Myrciaria species at negative scores and Eugenia species at
positive scores. The PC3 axis was important to clustering the Plinia
species at positive scores from the others. Some particular scores may
be noted for some species, as the E. Victoriana that presented similar
composition to the Myrciaria species (negative scores of PC2); and P.
cattleianum and P. guajava that presented similar composition with the
Plinia genus based on positive PC3 scores.
The negative PC1 loadings presented the highest amounts of quinic
acid, ellagic acid, myricetin-O-arabinoside, and myricetin-O-rhamno-
side in Psidium species, as well as the lower amount of an unknown
compound with molecular formula C32H57O12, and these variability
were more evident in species P. acutangulum and P. friedrichsthalianum
compared to P. cattleianum and P. guajava. The PC2 loadings
Table 3
Classification results from the Confusion Matrix analysis of species from the
genus Plinia, Psidium,Myrciaria, and Eugenia into the Myrtaceae family based on
the chromatograms composition.
Real genus
model Plinia Psidium Myrciaria Eugenia
Predicted genus Plinia 4 4 0 1
Psidium 4 20 0 0
Myrciaria 0 0 12 4
Eugenia 4 0 0 37
Unassigned 0 0 0 0
Total 12 24 12 42
Table 4
Cross validation parameters of classification accuracy derived from the Confusion Matrix related to genus and chromatograms composition. The error represents the
proportion of species incorrectly classified.
Genus model TPR and Sensitivity FPR TNR and Specificity FNR Error Precision RMSECa RMSECVb RMSEC/RMSECVc
Plinia 0.33 0.06 0.94 0.67 0.14 0.44 0.30 0.32 0.94
Psidium 0.83 0.06 0.94 0.17 0.09 0.83 0.21 0.22 0.95
Myrciaria 1.00 0.05 0.95 0.00 0.04 0.75 0.19 0.20 0.95
Eugenia 0.88 0.08 0.92 0.12 0.10 0.90 0.23 0.25 0.92
a Root Mean Square Error of Calibration.
b Root Mean Square Error of Cross Validation.
c Similarity index.
Fig. 3. ROC curve results from the supervised classification modeling of species from the Myrtaceae family according to the respective genus.
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highlighted the higher amounts of galloylated procyanidin B, ellagic
acid, and an unknown compound with molecular formula C32H57O12 in
Eugenia species compared to Myrciaria species and E. victoriana. On the
other hand, amounts of quinic acid, grandinin/roburin E isomer,
strictinin, quercitrin, and an unknown compound with molecular for-
mula C29H45O5 were higher in Myrciaria species compared to those
from Eugenia. Furthermore, the genus Plinia and Psidium presented null
scores of PC2. The positive PC3 loadings showed the higher amounts of
quercetin-O-arabinoside, 2α,3β,6β,23-tetrahydroxyurs-12-en-28,20β-
olide, psidial B and C isomer in two species from Plinia genus compared
to the others. In addition, these two species presented lower amounts of
quinic acid, galloylated procyanidin B, quercitrin, and unknown com-
pounds with molecular formulas C29H45O5 and C32H57O12.
In order to verify the classification capacity of each species ac-
cording to the respective genus, an evaluation by Confusion Matrix
analysis was developed to highlight patterns distinguishing between the
genus and species based on the chromatogram composition. The cross-
validated results are described in Table 3. The classification accuracy of
the Myrtaceae genus and species was achieved by the prediction
capacity of clustering based on the chromatograms composition ac-
cording to the genus and species from the Myrtaceae family. Therefore,
the clustering performance was determined by cross-validation method
(by venetian blind) under the “most probable rule”, achieved by true
positive rate (TPR – the sensitivity of the method), false positive rate
(FPR), true negative rate (TNR – specificity), false negative rate (FNR),
and precision [(TP/(TP + FP)] (Ballabio and Consonni, 2013; Jensen
et al., 2005; Stedmon and Bro, 2008), as well as low calibration and
cross validation errors (RMSEC and RMSECV) with respective high si-
milarity index (RMSEC/RMSECV above 0.75) (Freitas et al., 2018),
which are described in Table 4. Additionally, the classification perfor-
mance was further determined by visual comparison between the ca-
libration and cross-validation Receiver Operating Characteristic (ROC)
curves exhibit in Fig. 3.
The Myrciaria species were better classified into their respective
genus considering the Confusion Matrix results, the proximity between
the calibration and cross-validation ROC curves, and a not shifted
threshold value of the equilibrium between the sensitivity and specifi-
city; followed by the species from Eugenia genus in which only 9.5%
Fig. 4. Means and standard deviations of the relative contributions of the isotopic forms in chromatograms for catechin (a), epigallocatechin-O-gallate (b), me-
thylellagic acid (c), quercitrin (d), astilbin (e). Different superscript letters indicate differences at the 0.05 significance level by one-way ANOVA (significance level of
0.05, means comparison by Tukey test, and Levene to test the homogeneity of variance).
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were classified as belonging to Myrciaria genus. Total of 16.7% of the
species from Psidium genus were classified as belonging to Plinia genus.
Only 33.3% of the species from Plinia were definitely classified as be-
longing to its genus according to their organic composition. It is known
that species from genus from Myrtaceae family present difficult mor-
phologic differentiation, since usually cryptic characters are used to
diagnose genus (Stefanello et al., 2011). Therefore, the classification
results suggest the necessity to contribute with the chemotaxonomic
characterization of the Myrtaceae species. This model may be success-
fully applied to improve the chemotaxonomic classification by the
correlation of the organic composition similarity among the Myrtaceae
species according to the genus. In comparison to other traditional
techniques, LC-MS coupled to chemometrics provided a robust and
precise method for classification improvement of Myrtaceae species
according to the genus.
The relevant compounds for chemotaxonomic classification were
semi-quantified by integrating their area separately using the m/z va-
lues, and the results are shown in Fig. 4. The MassLynx™ 4.1 software
(Waters MS Technologies) was used to integrate each compound signal
using the negative ionization mode due to the enhanced ionization. The
integration process of the partly overlapped signals was performed by
the extraction of the exact ion (m/z) contained within each chromato-
gram using the deconvolution algorithm. Based on ANOVA single factor
(Tukey and Levene tests), some tendencies observed in PLS-DA results
were corroborated by the variability of catechin (a), epigallocatechin-
O-gallate (b), methylellagic acid (c), quercitrin (d), astilbin (e). The
corroborative quantitative and chemometric analysis reinforces the
advantage of the multivariate evaluation since compounds are not al-
ways known and it is sometimes difficult to find certified standard
compounds to calibration curves development. Classical univariate
analysis as quantification requires construction of calibration curves for
each compound and the overlapped signals are a constraint, which is
not a limiting factor to multivariate evaluation.
4. Conclusions
The chemotaxonomy evaluation of leaves species into the
Myrtaceae family using UPLC-qToF/MS-MS coupled to chemometric
classification shown to be viable. In addition, the classification results
showed the potentiality of the supervised classification analysis applied
on LC-MS dataset for Myrtaceae chemotaxonomic. The use of a multi-
variate tool was indispensible to detect marker compounds, since an
elevate number of information on chromatograms, separately, did not
provide conclusive data. The univariate and multivariate results offered
an adequate classification of the species according to their respective
genus Psidium, Plinia, Myrciaria, and Eugenia, which highlighted pos-
sible chemical markers as: quinic acid; grandinin/roburin E isomer;
strictinin, galloylated procyanidin B; ellagic acid; myricetin-O-arabi-
noside; myricetin-O-rhamnoside; quercetin-O-arabinoside; quercitrin;
2α,3β,6β,23-tetrahydroxyurs-12-en-28,20β-olide; psidial B and C
isomer; catechin; epigallocatechin-O-gallate; methylellagic acid; quer-
citrin; astilbin, as well unknown compounds with molecular formula
C29H45O5 and C32H57O12.
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